ABSTRACT: The present study compared the efficacy of cyclophosphamide combined with lowdose prednisolone in the treatment of idiopathic pulmonary fibrosis (IPF) with efficacy in idiopathic fibrosing nonspecific interstitial pneumonia fibrosing (NSIP).
I diopathic pulmonary fibrosis (IPF) is the most common type of interstitial lung disease [1, 2] . Generally, IPF is defined as a progressive, fibrosing inflammatory disease of unknown cause that involves the lung parenchyma. Whilst diagnosis is most often based on clinical and radiological findings without histological confirmation [3, 4] , considerable advances have recently been made in characterising the underlying histological appearances of interstitial pneumonias [5] [6] [7] [8] [9] .
Nonspecific interstitial pneumonia (NSIP) is characterised as a temporally uniform interstitial pneumonia, different from the heterogeneous appearance of usual interstitial pneumonia (UIP) [7] . Whilst NSIP was initially considered a ''wastebasket'' category for a variety of unclassifiable interstitial pneumonias [7] , several studies indicated that patients with NSIP have a better outcome than those with UIP and that NSIP deserves to be considered as a clinicopathological entity [10, 11] . After the definition of NSIP was established, the diagnostic category of UIP became more restricted and was redefined [12] . The entity UIP now has a much worse prognosis than NSIP or interstitial pneumonia with other histological patterns [8, 11, 13, 14] . The recent American Thoracic Society (ATS)/European Respiratory Society (ERS) consensus statement concluded that UIP is the histological pattern associated with IPF, and the histological pattern of NSIP identifies it as an entity that should be viewed as distinct from IPF, although it can present clinically in a fashion identical to IPF [15] .
Corticosteroids were long considered the standard therapy for IPF, but therapeutic responses are usually partial and transient [16] . JOHNSON et al. [17] conducted a randomised, controlled trial comparing treatment with prednisolone alone with that of cyclophosphamide and low-dose prednisolone in combination, and the findings indicated a possible survival advantage for patients treated with cyclophosphamide and low-dose prednisolone. In a study by RAGHU et al. [18] on the survival of patients randomised to therapy, either with azathioprine plus low-dose prednisone or with prednisone alone, age-adjusted analysis indicated a significant survival advantage in patients receiving the combined regimen. Based on these findings, the combination of a corticosteroid with a cytotoxic agent is the therapy recommended in the ATS/ERS consensus statement concerning current diagnosis and treatment of IPF [15] . Although these studies demonstrate the benefits of therapy combining a corticosteroid with an immunosuppressant, the proportion of patients in these studies who had UIP, as currently defined, is unclear [12] .
Idiopathic NSIP, especially with a fibrosing pattern, resembles IPF/UIP clinically, physiologically and radiologically. As a result, many patients with NSIP were previously diagnosed with IPF [8, 9, 12, 14] . Although several initial reports indicated that NSIP carries a better prognosis than IPF/UIP [7, 8, 11] , more recent studies emphasised that cases with fibrotic NSIP (i.e. groups II and III) do not necessarily have a good outcome [13, 19] . However, these studies did not assess therapeutic response and survival using a standardised therapeutic regimen.
In the present investigation, which compared the outcome in patients with histologically confirmed IPF/UIP and those with fibrosing NSIP, all patients had clinical manifestations compatible with IPF and received four courses of pulse steroid therapy, followed by cyclophosphamide combined with lowdose prednisolone, which is now the recommended therapy for IPF.
METHODS

Patient selection
The present authors prospectively treated patients with idiopathic intersitital pneumonia, confirmed by surgical lung biopsy (SLB), whose clinical features were consistent with IPF. Selection as a patient required the following: 1) exclusion of other known causes of interstitial lung disease, including drug toxicities, environmental exposures and collagen vascular diseases; 2) bibasilar reticular abnormalities on conventional chest radiographs or high-resolution computed tomography scans; and 3) abnormal pulmonary function studies showing restriction (reduced total lung capacity, or reduced vital capacity (VC) with a normal or increased forced expiratory volume in one second/forced VC ratio) and/or impaired gas exchange (increased alveolar-arterial pressure difference for oxygen, decreased arterial oxygen tension with rest or exercise, or decreased carbon monoxide diffusing capacity of the lung) [15, 19] . All patients underwent SLB at Tosei General Hospital, Nagoya University Hospital, Toyohashi Municipal Hospital, Kariya General Hospital, Komaki Municipal Hospital or Handa Municipal Hospital, Aichi, Japan, between January 1991 and January 1998. They all received the same therapeutic regimen. In July 2003, all SLB specimens were reviewed by a pathologist according to the currently redefined criteria for idiopathic interstitial pneumonias [15, 19] , and patients with UIP and fibrosing NSIP were included in the current study. Patients who had received any corticosteroids or immunosuppressant drugs prior to lung biopsy were ineligible. The number of eligible patients was 39, including 27 with the histological pattern of UIP and 12 with that of fibrosing NSIP.
Therapeutic regimen and evaluation
After confirmatory lung biopsy, all patients included in the present study were treated for 4 weeks with intermittent highdose parenteral methylprednisolone (1,000 mg?day -1 for 3 days at 1-week intervals, i.e. pulse therapy), followed by combination therapy for 1 yr with cyclophosphamide (1-2 mg?kg?day -1 ) plus low-dose prednisolone (20 mg on alternate days). Since large doses of corticosteroids are thought to be more effective than conventional doses, high-dose pulse corticosteroid therapy was used for the first phase of treatment in these patients. Short-term response to the 4 weeks of pulse therapy was assessed for usefulness in predicting the response to 1 yr of combination therapy.
For maintenance therapy, the current authors treated patients according to the method of JOHNSON et al. [17] which is now the therapy recommended by the ATS/ERS consensus statement for IPF [15] .
Pulmonary function testing just prior to treatment (within 1 month), at 1 month of treatment immediately following 4 weeks of high-dose parenteral methylprednisolone therapy, and after 1 yr of combination therapy was used to assess the therapeutic response. Improvement in pulmonary function was defined as o10% increase in the percentage of predicted VC (VC % pred) achieved. A decrease of similar magnitude was considered as deterioration. Patients who did not demonstrate improvement or deterioration were considered unchanged.
Outcome
Survival status in July 2003 was established from clinical records.
Statistical methods
Data are presented as mean¡SD or as median (interquartile range). Differences between subjects in the two disease-defined groups were examined by the Mann-Whitney U-test or the Chi-squared test. One-way repeated-measures ANOVA was used to evaluate changes in VC % pred. Kaplan-Meier analysis was used to compare survival between the groups.
RESULTS
Clinical and laboratory features
The IPF/UIP group included 20 males and seven females with a mean age of 56 yrs. The NSIP group included four males and eight females with a mean age of 55.3 yrs. Clinical features of both groups are summarised in table 1. Significant differences were evident between the two groups in sex and duration of symptoms before biopsy (p50.031 and p50.004, respectively).
Bronchoalveolar lavage (BAL) was performed upon first presentation in all patients. There were significant differences in numbers of macrophages, neutrophils, lymphocytes, eosinophils and OKT4/OKT8 (helper cell/suppressor cell, respectively) between the two groups upon analysis of the lavage fluid (table 2) .
Effect of treatment
In the group of patients with IPF/UIP, VC % pred improved significantly from pre-treatment values after pulse therapy (70.8¡15.5% versus 74.9¡16.2%, p,0.005). However, this was not true when VC % pred was compared between pre-treatment baseline data and data after 1 yr of combination therapy (70.8¡15.5% versus 72.1¡17.3%, p50.52; fig. 1 ). In the group of patients with fibrosing NSIP, VC % pred improved significantly after pulse therapy (56.7¡12.7% versus 64.2¡ 15.7%, p,0.01) and 1 yr of combination therapy (56.7¡12.7% versus 77.2¡16.1%, p,0.001; fig. 1 ).
Numbers of patients responding to pulse therapy and subsequent combination therapy for 1 yr are shown in table 3. Improvement was evident at completion of pulse therapy in four of 27 patients with IPF/UIP (15%). Of 27 patients, 22 (81%) remained unchanged, and one of 27 (4%) worsened. After 1 yr of combination therapy, four of 27 (15%) had improved, 14 of 27 (52%) remained unchanged, and nine of 27 (33%) had worsened. Three patients who died during the yr-long combination therapy were included among the nine patients who worsened.
After pulse therapy, four of 12 (33%) patients with fibrosing NSIP had improved, eight of 12 (67%) remained unchanged, and no patients had worsened. After 1 yr of combination therapy, eight of 12 (67%) patients had improved, four of 12 (33%) remained unchanged, and none had worsened.
No patients with IPF/UIP showed improvement on the chest radiograph, whilst improvement was observed in all patients with fibrosing NSIP who showed improvement in VC % pred.
Long-term outcome: response to therapy Survival and respiratory status in July 2003 was ascertained for all patients in each group. After 1 yr of cyclophosphamide with low-dose predonisolone therapy, cyclophosphamide was gradually tapered off, based on the clinical response and tolerance (mean duration 21 months; range 3.5-60), due to concern over side-effects, especially secondary malignancy.
Among patients with IPF/UIP, none remained improved, seven of 27 (26%) remained unchanged, and 20 of 27 (74%) had worsened including 18 (67%) who had died (mean follow-up CORTICOSTEROID AND CYCLOPHOSPHAMIDE THERAPY Y. KONDOH ET AL.
duration, 49.5 months; range 3.5-113). A total of 12 patients with IPF died as a result of advancing disease (chronic respiratory failure), and six patients died from acute respiratory failure of unknown cause, or so-called acute exacerbation of IPF [20, 21] . Among patients with NSIP, five of 12 (42%) remained improved, four of 12 (33%) remained unchanged, and three of 12 (25%) had worsened (mean follow-up duration, 91.8 months; range 60-148). Among the three patients who worsened, one patient, who was unchanged both after 4 weeks pulse therapy and 1 yr of combination therapy, died as a result of advancing disease after having overcome six occurrences of acute respiratory failure of unknown cause. The other two patients, who had improved after 1 yr of combination therapy, worsened 1.5 and 2 yrs after completion of 2 and 3 yrs of combination therapy, respectively. They showed little response to re-administration of combination therapy. Kaplan-Meier analysis showed a significant difference in survival between groups (Logrank test, p50.002; fig. 2 ).
Toxicity
No severe adverse reactions were observed during steroid pulse therapy. A total of eight patients (21%) had adverse effects attributable to cyclophosphamide. These included: one with haemorrhagic cystitis, two with leukopenia, one with myelodysplastic syndrome, two with herpes zoster, one with alopecia, and one with aspergilloma. In all, discontinuation of therapy was required in five patients (13%). In two patients with haematologic toxicity, the reduced neutrophil counts returned to normal once the dose was reduced. One IPF patient who suffered myelodysplastic syndrome died because of an opportunistic infection.
DISCUSSION
The present investigation compared the differences in response to a uniform treatment regimen with steroid pulse therapy followed by combined cyclophosphamide and low-dose predonisolone therapy, as well as differences in survival, between patients with IPF/UIP and fibrosing NSIP. Since the clinical manifestations of fibrosing NSIP in the current study mimicked IPF [5, 8, 12, 14] , the presented NSIP patients might have been classified as IPF without performing lung biopsy. In the present study, patients with IPF/UIP showed small but significant improvement after 4 weeks of pulse therapy, but improvement was not maintained by combination therapy for 1 yr. In contrast, patients with fibrosing NSIP showed a better therapeutic response compared with patients with IPF/UIP, both after 4 weeks of pulse therapy and after completing 1 yr of combination therapy. These results indicate that, in IPF/ UIP, treatment by pulse and combination therapy has limited effect, whilst in fibrosing NSIP combination maintenance therapy can usually produce improvement.
The proportions of patients showing improvement, stability, and deterioration in response to pulse therapy were not significantly different between patients with IPF/UIP and those with fibrosing NSIP, so response to pulse therapy had no differential diagnostic significance. After 1 yr of combination therapy, three of four IPF/UIP patients who had initially improved after 4 weeks of pulse therapy reverted to an unchanged status, and two of 14 initially unchanged patients improved. In IPF, responses to initial pulse therapy did not correlate with response after 1 yr of combination therapy. In contrast, eight of 12 patients with fibrosing NSIP who did not show any worsening during pulse therapy (four of four with improvement, four of eight with no change) had improved after 1 yr of therapy. Therefore, the current authors surmise that improvement at 4 weeks predicts improvement at 1 yr for fibrosing NSIP patients. Data are presented as n.
In many previous studies of IPF, 10-30% of patients showed initial objective improvement with corticosteroid therapy [22, 23] . However, the data are difficult to interpret as a SLB was not always obtained. Although JOHNSON et al. [17] reported beneficial effects of cyclophosphamide and prednisolone, several interstitial pneumonias other than IPF/UIP are suspected to have been included in that study. The results of the present study showed that eight of 12 of fibrosing NSIP cases (67%), but only four of 27 of IPF/UIP cases (15%), responded to 1 yr of therapy. Additional differences between IPF/UIP and fibrosing NSIP were observed in patients with improvement. In IPF/UIP patients, chest radiograph findings did not improve even in functionally improved patients. Furthermore, almost all IPF/UIP patients, even all four cases with improvement, eventually showed a relentlessly progressive course. Thus, the presented results support recent suggestions that patients with marked improvement in previous IPF studies may have had a disorder other than IPF/UIP as it is currently defined [12] . The finding of progression in many patients with IPF/UIP, even after improvement, suggests limited and unsatisfactory effectiveness of current combination therapy for the disease.
The need for immunosuppressants in the treatment of NSIP is controversial. Although most patients reported by KATZENSTEIN and FIORELLI [7] had a good outcome, with most showing improvement after treatment with corticosteroids, some patients with NSIP were reported to receive immunosuppressive agents as the initial response to corticosteroids alone was insufficient. In a recent report by TRAVIS et al. [13] , patients with idiopathic fibrosing NSIP had a poor long-term outcome (5-yr survival rate of 90% and a 10-yr rate of 35%). NICHOLSON et al. [24] also reported that in patients with clinically typical IPF, a histological pattern of fibrotic NSIP needs to be interpreted with caution, and does not assure a good outcome. Moreover, in patients with severe functional impairment, no survival difference was found between IPF and fibrotic NSIP [25] . Overall, the current authors suppose that patients with fibrosing NSIP should be treated initially by a combination of corticosteroid and immunosuppressant therapy to prevent development of an irreversible fibrosis. In the present study, early introduction of cyclophosphamide combined with low-dose prednisolone therapy for fibrosing NSIP resulted in a favourable outcome, so it appears to be an acceptable treatment for fibrosing NSIP. Further studies are needed to compare the effect of corticosteroid therapy with corticosteroid and immunosuppressant combination therapy for idiopathic fibrosing NSIP.
Upon analysis of BAL fluid, significant differences in the populations of macrophages, neutrophils and lymphocytes were also found between the two groups in the present study. NAGAI et al. [11] found more lymphocytes in BAL fluid from NSIP than UIP patients, whilst DANIIL et al. [14] reported that BAL fluid showed similar cell patterns in UIP and NSIP patients. Several previous reports have suggested that patients with IPF who had lymphocytosis in BAL fluid were more likely to respond to therapy [26, 27] . Whether or not BAL fluid findings are related to therapeutic response and survival in patients with fibrosing NSIP is a question that requires further study.
In conclusion, patients with idiopathic pulmonary fibrosis/ usual interstitial pneumonia and those with fibrosing nonspecific interstitial pneumonia have similar clinical manifestations, but show significant differences in the response to combined prednisolone/cyclophosphamide therapy and survival. In idiopathic pulmonary fibrosis, combination of corticosteroid and immunosuppressive therapy has only limited efficacy. In contrast, the favourable therapeutic responsiveness and survival in the authors' fibrosing nonspecific interstitial pneumonia patients may suggest the efficacy of immunosuppressive therapy for fibrosing nonspecific interstitial pneumonia. Further studies are needed to determine the role of immunosuppressive therapy and longterm prognosis in fibrosing nonspecific interstitial pneumonia.
